Electric Motor 



This invention relates to electric motors and in particular, to an electric motor 
incorporating a speed sensor. 

The emphasis on designing electric motors, especially miniature permanent magnet 
electric motors, has been and continues to be to reduce the size or volume of the motor 
without loss of power output. However, in the past, as components are added to a 
motor to improve an aspect of the motor, the size of the motor was increased to 
accommodate the new components. This is particularly evident for speed sensors 
which are required for servo systems. Speed sensors generally provide a voltage or 
pulse output whose amplitude or frequency is a function of the speed of the motor. 
This signal is used by a servo amplifier to control the motion of the motor. 

Typical techniques to measure the speed of a motor include adding tacho-generators or 
frequency generators to the shaft of the motor. These require additions to the motor 
frame size and thereby increases its bulk. Techniques involving detecting the current 
peaks in the motor's electrical input have been tried and while moderately successful, 
involve sensitive electronics which are affected by noisy environments and unclean 
commutator switching which often occurs with motor wear rendering the sensor 
inoperative in a worst case scenario. 

Accordingly, there is a need for a speed sensor which is less dependent on the input 
power and which does not increase the bulk or size of the motor. 

This- is achieved by the present invention by a sensor coil being formed on an inner face 
of a stator magnet and located in the air gap between the magnet and the rotor. 

Thus, the present invention, in one aspect thereof, provides a permanent magnet direct 
current motor comprising: a permanent magnet stator including at least one permanent 
magnet; a rotor including a rotor shaft, an armature core mounted on the shaft and 
having a plurality of poles, an armature winding wound about the poles, and a 
commutator mounted on the shaft adjacent one end of the armature core and 
connected to lead wires of the armature winding, the rotor being journaled in bearings 
and located confronting the stator; and a speed sensor; wherein the speed sensor is a 
coil of conductive material fixed to a surface of the magnet and located in the air gap 
between the permanent magnet and the armature core. 



Preferably, the coil is a single turn coil fixed to an inner face of the magnet facing the 
armature core. 

Preferably, the coil is a single turn coil in the form of a long narrow "U". 

Preferably, the terminals of the coil are located on an axial end face of the magnet. 

Preferably, the terminals of the coil mate with resiliently deformable fingers or spring 
biased terminals fixed to the motor end cap. The deformable fingers may be metallic 
strips or conductive rubber terminals fixed to the end cap. 

Preferred embodiments of the invention will now be described, by way of example 
only, with reference to the accompanying drawings in which: 

Figure 1 is an exploded view of a pmdc motor in accordance with the preferred 
embodiment; 

Figure 2 shows a magnet of the motor of Figure 1 supporting a speed sensor coil; 

Figure 3 shows a similar magnet supporting a speed sensor coil having a different 
shape; and 

Figures 4 and 5 show a similar magnet supporting a speed sensor coil according to 
alternate embodiments. 

Figure 1 illustrates a typical pmdc 10 motor modified to incorporate .a speed sensor 
coil 12 according to a first embodiment of the present invention. The motor has a 
permanent magnet stator having two arcuate ceramic magnets 14. A rotor 16 is 
located in confronting relationship with the stator magnets 14 and is journaled in 
bearings 18 fitted to an end cap 20 and a rear housing part 22. The rotor has a shaft 
24, armature core 26 and a commutator 28. The armature core 26 is a stack of 
laminations forming a plurality of salient poles about which coils are wound forming an 
armature winding 30. The coils are terminated on the commutator 28. 

The end cap 20 supports brushes 32 which make sliding contact with the commutator 
28 to electrically connect the armature winding 30 to a source of electric power via 
motor terminals 34. The end cap also supports two spring contacts 36. The spring 
contacts are resiliently deformable conductive strips which are connected to sensor 
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terminals 40 on the end cap. Alternatively, the spring contacts could be conductive 
rubber posts fixed to and extending from the end cap. 

One of the two magnets 14 has a conductive coil 12 formed on its radially inner 
5 surface which faces the armature core 26 across an air gap such that the coil 12 is in 
the air gap between the magnet 14 and the armature core. The coil 12 has a 
conductive U-shaped path forming a single turn. The thus shaped single turn coil 
starts and finishes at terminal pads 38 on an axial face of the magnet adjacent the end 
cap. The two spring contacts 36 are arranged to contact the terminal pads to transfer 
10 the signal from the coil 12 to external circuitry via the sensor terminals 40 on the end 
cap 20. The use of spring contacts greatly simplifies construction compared with 
soldering lead wires directly to the coil on the magnet. 

The coil 12 is shown more clearly in Fig. 2. The coil 12, being a single turn coil, is 
15 easy to apply without providing insulation between the turns. As such, the coil can be 
formed from conductive film, conductive foil, conductive tape or wire. In the 
embodiments described, the coil 12 is formed using a conductive ink such as silver 
epoxy, applied onto the surface of the magnet by a pad printing process. Alternatively, 
the ink could be applied by painting which is labor intensive or by . screen printing but 
20 this is more difficult due to the surface of the magnet being curved. If the magnet 
surface is conductive, a non-conductive coating is needed to insulate the coil from the 
magnet surface. For ceramic magnets and resin-bonded magnets, this kind of coating 
is not needed. 

25 From the above description, it can be seen that sensing the speed of a motor using a 
speed sensor accordingjojbe presentinvention does not require an increase in the size 
or bulk of the motor. With the coil 12 located between the magnet and the armature 
core 26, the magnetic flux passing through the coil varies as the rotor turns from a 
maximum when a pole is adjacent the coil to a minimum when a slot between the poles 

30 is adjacent the coil. The variation in the magnetic flux creates a voltage pulse in the 
coil and thus, as the rotor rotates, the sensor coil produces a series of pulse signals. 
By measuring the time between pulses or the frequency of the output signal, the speed 
of the motor can be determined. This information can then be used in a motor 
controller for controlling the speed of the motor. 

35 

A sharper, stronger signal can be produced using a coil having dimensions which are 
similar to the dimensions of the slot between the poles of the rotor core. If the "U" is 
too wide, the signal is not as sharp. If the "U" is too narrow, the amplitude of the 
signal is not as large making it harder to separate the signal from noise. It is preferred 
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that the orientation of the "U" should correspond with the orientation of the slot, thus 
normally, the "U" would extend axially but for a motor with a skewed rotor core, the 
"U" should be similarly skewed. 

5 Fig. 3 illustrates a coil embodiment using a wider coil 12. As mentioned above, this 
construction of the coil is not preferred but in low noise applications, it does produce 
satisfactory results and can be used with skewed and non-skewed armatures without 
modification. 

10 The location of the coil across the face of the magnet is not critical for generating a 
good signal. However, the single turn coil also picks up a pulse due to commutation 
as the brushes slide from one commutator segment to the next. As the timing of the 
commutation spike is independent of the location of the coil, the location of the coil 
can be chosen so that the commutation spike and the signal pulse are separated in time 

15 or occur simultaneously as desired. 

For detecting low speed operation, such as a few hundred rpm, a coil with more than 
one turn may be required to get a reliable output signal. In a further embodiment 
shown in Fig. 4, two narrow U-shaped single turn coils 12, 1 12 are formed on the face 

20 of the magnet 14. The coils 12, 112 are connected in series and are circumferentialiy 
separated by a distance equal to the separation of the poles of the armature, the so- 
called slot to slot distance. For rotors with many poles, the separation could be a 
whole number multiple of the slot to slot distance. For example, for a three pole rotor 
the separation is 120 degrees and for a 5 pole rotor the separation is 72 degrees 

25 whereas for a 12 pole rotor the separation could be 30, 60, 90, 120 degrees etc taking 
in to account the arcuate extent of the magnet. In this arrangement whenever one 
armature pole slot passes over one of the coils 12, another armature pole slot is 
simultaneously passing over the other coil 1 12. Hence, the signal output is double that 
of a single coil arrangement. This design produces a two turn coil effect without using 

30 a two turn coil which would require a narrower conductive path and an insulating layer 
between two turns, at least at the point of crossover of the turns. 

In an alternative design, shown in Figure 5, two coils 12 are used. The coils are 
located side by side and share a common leg forming a W-shaped coil with three 
35 terminals 38. In the control circuitry or in the end cap, the two outer terminals are 
joined together so the coils function as two coils connected in parallel although slightly 
displaced circumferentialiy. Thus the signals of each coil are not superimposed but are 
spaced in time and reversed in direction producing a sinusoidal type pulse. This 
arrangement may be used to cancel or reduce the commutation pulse as the 



commutation pulse will occur simultaneously in each coil as it is independent of coil 
position but as one coil is reversed with respect to the other coil, the pulse should be 
inverted resulting in an overall reduction of the commutation spike in the speed sensor 
signal. 

While preferred embodiments have been described in detail, various modifications will 
be apparent to the skilled addressee without departing from the spirit of the invention 
and it is intended that all such variations be covered by the invention as defined by the 
appended claims. 



